the higher and not the lower dose of irradiation may have eliminated a host cell not readily derived from fetal liver precursors which represents an important helper cell in certain cell-mediated immune functions, e.g., graft-versus-host reactions, but which is not important in others, e.g., allograft rejections. The higher dose of lethal irradiation did not permit development or maintenance of a population of spleen cells that could initiate graft-versus-host reactions but did permit the development of a population of donor cells capable of achieving vigorous allograft rejection.
These observations contribute to understanding of some of the persisting immunodeficiencies that are observed in man after fatal irradiation and bone marrow transplantation. These results should suggest better approaches to more effective cellular engineering for correction of immunodeficiency diseases and for treatment of immunodeficiency diseases and of leukemias and malignancies of man.
The thymus plays an essential role in inducing the differentiation of immunologically competent cells from immunoincompetent precursors. This function is dependent on the integrity of the thymic epithelial-reticular cells (1-3). Bone marrow cells or fetal liver cells (FLC) can repopulate the thymus and peripheral lymphoid tissue of lethally irradiated animals. Undifferentiated hematopoietic cells from these tissues are first differentiated into lymphocytes with characteristic T-cell markers after traffic through the thymus. These post-thymic T-lymphocytes are then expanded and further differentiated into mature T-cells in the lymphoid tissues by a process that involves a humoral contribution from the thymus (4) (5) (6) (7) (8) . However, transplantation of allogeneic hematopoietic tissue in immunodeficient animals, including lethally irradiated mice, is difficult, mainly because of complications from graft-versus-host (GVH) disease (9) (10) (11) , which occurs when the donor of hematopoietic tissues, such as bone marrow or thymus, and the recipient differ by major histocompatibility characteristics (12) (13) (14) (15) (16) . Further, radiation chimeras often have long-persisting, subnormal immune responses and lymphoid atrophy and are susceptible to infection (17) (18) (19) (20) (21) . It has been suggested that this deficiency may in some way be caused by irradiation, e.g., through injury to the thymus (3, 22, 23) , or by damage to a host cell that exerts an important helper function in T cell immunities.
The experiments reported in this article were designed to study the protective effect of syngeneic and allogeneic FLC and to address in a model system some of the issues encountered in attempts to correct severe combined immunodeficiency disease in children or heavily irradiated children and adults by cellular engineering. It will be shown that stem cells and other hematopoietic cells obtained from fetal liver protect lethally irradiated mice, yielding long-term survivors, that irradiation injury to the thymic stroma or to thymic cell subpopulations occurs which is dose-dependent, and that 884 rads exceed a critical threshold for prompt recovery of full function of a thymic dependent immune system that develops from the donor cells.
MATERIALS AND METHODS
Mice of either sex from strains of the University of Minneso- Simonsen (24, 25) . In Immunology: Tulunay et al. weight. In one group given newborn spleen cells from allogeneic donors and 512 rads total body irradiation, testing for GVH capacity revealed immunologic function attributable only to host and not to donor component.
DISCUSSION
The studies presented indicate that we were able to protect lethally irradiated C3Hf mice by intravenous grafting of syngeneic or allogeneic FLC across major histocompatibility barriers. The fetal liver cells, which should not react immunologically against host antigens but might be expected to show ability to develop immunologic tolerance to them, did not produce GVH disease in appreciable frequency in lethally irradiated animals (22, 26, 29) . Survival of lethally irradiated chimeras protected with allogeneic FLC were comparable to those given the same dose of irradiation and pro- tected with syngeneic cells. The survival times of the mice exposed to 698 or 884 rads were not significantly different when treatment used syngeneic or allogeneic cells. The lethally irradiated C3Hf mice reconstituted with FLC obtained from Af mice were immunocompetent, as shown by their ability to reject an allogeneic DBA/2 skin graft; but they did not reject Af strain skin, a finding which we interpret to reveal a tolerant state toward Af. The discriminating spleen assay for GVH showed that mice subjected to 698 rads and protected with allogeneic FLC can initiate GVH reactions with characteristics that clearly reflect the presence of donor cells. By contrast, spleen cells of C3Hf mice exposed to 884 rads and protected with FLC from Af strain mice were negative in the discriminating Simonsen assay for Af cells. It is also clear from the results presented that suspensions of newborn thymocytes or spleen cells do not protect irradiated mice as well as do FLC. Spleen cells from syngeneic 6-dayold mice protected mice exposed to 884 rads as well as did FLC obtained from either syngeneic or allogeneic mice. However, as expected, neonatal allogeneic thymocytes (30) (31) (32) , and also allogeneic spleen cells from either 6-day-old or adult donors, did not protect the mice lethally irradiated (884 rads). On the other hand, mice sublethally irradiated (512 rads) do not survive after engrafting with allogeneic newborn thymus cells or adult spleen cells.-Failure to protect lethally irradiated mice and death of sublethally irradiated mice treated with allogeneic cells can almost certainly be attributed to their capacity to initiate the GVH reaction (23, 33, 34) (Fig. 2) . Interestingly, the lethally irradiated mice were not protected by neonatal syngeneic thymocytes, a finding that is in keeping with the need for other hematopoietic precursors in addition to T-cells and/or pre-thymic cells to achieve protection of irradiated mice through reconstitution of the hematopoietic system (12, 13).
We have previously suggested that T1 cells (post-thymic cells) represent a population derived by thymic differentiation which is susceptible to tolerance development and thus Another important aspect of these investigations was the finding that 884 rads of total body irradiation seems in some way to be able to interfere with a component of fully vigorous thymic function. The C3Hf mice given 884 rads and treated with FLC obtained from Af mice showed less immunological reconstitution than did the same mice given 698 rads treated in a similar fashion. The irradiation did not abolish the inductive function of the thymus of the host because the long-lived chimeric mice, given these two doses of irradiation (698 and 884 rads), showed comparable immunologic vigor in the rejection of skin allografts. The analysis of immunocompetence of spleen cell suspensions of C3Hf irradiated mice in GVH reactions revealed feeble to absent host component in both groups. By contrast, the donor component is readily demonstrable in the mice irradiated with 698 rads, even though it is difficult or impossible to demonstrate at this juncture after treatment in the mice irradiated with 884 rads. This apparent dichotomy is interesting and needs further analysis. Several explanations can be offered: (i) a larger number of lymphocytes may be needed to elicit a GVH reaction than to produce a skin allograft rejection. (ii) Irradiation injury of the thymic stroma may be dose-dependent and have a threshold that was exceeded in some of our experiments with 884 rads (3, 23) . This dose of radiation may have injured the thymic stroma, interfering with maturation of a T-cell subpopulation that is ultimately involved in inducing GVH reactions. (iii) There may be a differential radiosensitivity of a population of cells that cooperate in GVH reactions but are not involved in exercising allograft rejection. Three observations are consonant with the latter explanation: (a) a synergism between spleen cells and thymocytes in GVH reactions has been described (35) ; (b) a helper function of carrier-primed T-cells was not eliminated by lower dose but was eliminated by higher dose irradiation (36) ; and (c) a better protection has been provided to lethally irradiated mice by giving them both FLC and thymocytes (22 Intensive study of the basis for the relative immunodeficiency in the mice given the higher dose of total body irradiation seems indicated, because it may account for prolonged immunodeficiencies often observed after the very high dose of total body irradiation and marrow transplantation used for treatment of certain forms of acute leukemia in man. With the many possibilities that are developing which could now be used to address this issue, it is important to analyze it fully in a model system such as that described in this report.
